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(54) Title: COATING 

(57) Abstract 

An apparatus for coating tubular mem- 
bers (3), such as stents comprises a liquid reser- 
voir (2) and a stent support member for support- 
ing, in use, a tubular member. Support member 
dipping means (5, 8) places the support member 
in the liquid reservoir in use and draws the sup- 
port member therefrom. Pressure differential 
generating means (6) generates a pressure dif- 
ferential. The stent support member is arranged 
to provide a central passageway through a stent 
placed thereon, the central passageway having 
a plurality of perforations formed therein, and 
the pressure differential generating means is ar- 
ranged to generate, in use, a pressure differ- 
ential between the passageway and the tubular 
member. 
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COATING 

This invention relates to the coating of tubular 
members, such as stents. 
5 During the manufacture of stents it is often necessary 

to coat a stent with a liquid. The liquid may be a 
biocompatible material or a coating which encases the stent 
with a material once the liquid has dried. Such coating 
has often been performed by manually dipping the stent in 
10 the liquid and then removing the stent and drying it. Such 
a process leads to manufacturing inconsistency. 
Furthermore, many stents have plural apertures formed in 
the surface thereof and the presence of excess liquid or 
inconsistent drying of the liquid can lead to such 
15 apertures becoming blocked unnecessarily. 

The present invention seeks to overcome the above and 
other problems. 

According to the present invention there is provided 
an apparatus for coating tubular members, such as stents, 

2 0 the apparatus comprising: 

a liquid reservoir; 

a stent support member for supporting, in use, a 
tubular member; 

support member dipping means for placing the support 
25 member in the liquid reservoir in use and drawing the 
support member therefrom; and 

pressure differential generating means for generating 
a pressure differential, wherein: 

the stent support member is arranged to provide a 

3 0 central passageway through a stent placed thereon, the 

central passageway having a plurality of perforations 
formed therein, and 

the pressure differential generating means is arranged 
to generate, in use, a pressure differential between *the 
35 passageway and the tubular member. 

The support member may be formed from a rigid hollow 
member, such as a needle, with apertures formed therein. 
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The support member may alternatively be formed from a rigid 
member having a series of slots formed therein. With such 
an arrangement a sheath may be placed around the external 
periphery of the member to define a series of circular 
perforations. The support member may be formed from metal, 
a plastics material, or a combination thereof. 

The pressure differential generating means may be a 
pump. The support member may have two collars and a 
central rigid support member, the collars arranged to 
engage with each end of a tubular member in use. 

The dipping means may be arranged to enable inversion 
of the support member once it has been removed from the 
liquid reservoir. 

The apparatus may further comprise a drying chamber 
into which a heated gas can be pumped to dry the tubular 
member on the support member after removal from the liquid 
reservoir. 

Plural support members may be provided in the 
apparatus. Each support member may support plural stents. 

A corresponding method is also provided. 

The apparatus and method of the present invention 
provides a system which produces consistent coating 
results. Furthermore, because the pressure differential 
that is generated can prevent apertures becoming blocked 
with dried solution, stents with apertures that are 
produced by the apparatus and method are less likely to be 
rejected because of such blockages. In addition the 
apparatus and method can produce a thin coating (for 
example in the region 5nm to 2 0 0nm) on the inside of the 
stent whilst producing a thicker coating (for example 500nm 
to 1500nm) on the outside. 

One example of the present invention will now be 
described with reference to the accompanying drawings, in 



Figure 1 is a side view of an apparatus according to 
the present invention; 



which: 



WO 00/04999 



PCT/GB99/02370 



3 



10 



15 



20 



25 



30 



Figure 2 is a side view of a first example support 
member for use in the apparatus of figure 1; 

Figure 3 is a side cross-sectional view of a second 
example support member for use in the apparatus of figure 
1 ; and 

Figure 4 is a graph of coating depth versus withdraw 
speed for the outer surface of an exemplary stent; 

Figure 5 is a graph of coating depth versus withdraw 
speed for the inner surface of an exemplary stent; 

Figure 6 is a graph of coating depth versus pressure 
differential from the outer surface of an exemplary stent; 
and 

Figure 7 is a graph of coating depth versus pressure 
differential for the inner surface of an exemplary stent. 

Referring to figure 1, an apparatus 1 according to the 
present invention has a liquid reservoir 2 which, in use, 
holds a coating solution. Plural support members 3 are 
arranged in the form of an array on a frame 4 which is 
slidably supported on a support pillar 5. The frame 4 can 
be driven up and down on a support pillar 5 by a servo 
motor and drive mechanism (not shown) . 

Each of the support members 3 is formed from a hollow 
tube, with the interior of each tube being connected to a 
conduit 6 which, in turn, is connected to a vacuum pump 7. 

The frame 4 supporting the support members 3 is 
arranged so that it can be rotated around a central axis 8 
under the control of an operator or servo motor (not 
shown) . Rotation of the frame 4 allows rotation of the 
support members 3 from a position in which they are 
directed generally downwards to a position in which they 
are directed generally upwards. 

The apparatus 1 is operated by placing the stent on 
each support member 3 and retaining the stent thereon. The 
stent may be retained by the provision of one or more 
collars (not shown) attached to each support member 3, the 
collars arranged to prevent the stent moving to any 
significant degree along the axis of the support member 
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during the coating process. The frame is then rotated so 
that the unattached end of each of the support members 3 is 
pointing downward. Once this has been done the frame 4 is 
lowered into the liquid reservoir 2 and then drawn up from 
the liquid reservoir 2 at a rate which ensures even 
coating. The rate will generally be determined by the 
dimensions of the stents being coated and the viscosity of 
the liquid contained within the liquid reservoir 2. 

Once the frame 4 and support members have been removed 
from liquid in the liquid reservoir 2 the frame 4 is 
rotated through 18 0° so that each of the support members is 
pointing in a generally upward direction. A pressure 
differential is then created by the vacuum pump 7 so that 
air is drawn through apertures 9 i n each of the support 
members via conduit 6 to the vacuum pump 7. The airflow 
generated by the pressure differential ensures that liquid 
is not retained in any of the apertures of the stents. The 
pressure differential may be generated whilst the frame 4, 
support members 3 and stents are contained within a drying 
chamber (not shown) • 

Figures 2 and 3 show example support members 3 which 
can be employed in the apparatus 1 of figure 1. 

The support member 3 of figure 2 is formed from a 
hollow tube with a sealed end 10, the member 3 being formed 
from stainless steel or any other sufficiently rigid 
material. Formed on the surface of the member 3 are a 
series of apertures 11, which allow passage of air from the 
exterior of the member 3 through to its hollow interior. 
The support member 3 may be attached by a quick release 
mechanism to the apparatus 1. 

Figure 3 shows an alternative support member 3 in 
which the support member 3 is formed from a rigid hollow 
tube having one or more slots 12 formed in a surface and 
parallel to its axis. A sheath 13 , formed from a plastics 
material, ceramic, or other appropriate material is placed 
around the external periphery of the support member 3. The 
sheath 13 has a plurality of apertures 14, or may have one 
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or more spiral slots formed around its outer surface. This 
arrangement also defines apertures through which air can be 
drawn in use. 

Referring to Figures 4 to 7 , it can be seen that the 
speed of withdraw of the stent and support member 3 from 
liquid reservoir 2 can control both the outer and inner 
coating depth so that an optimum coating depth can be 
provided. Furthermore, by appropriate control of the value 
of the pressure differential generated by the vacuum pump 
7 , further control of inner and outer coating depths can be 
provided. Control of withdraw speed and pressure 

differential may be effected by provision of apparatus 
control means (not shown) which can be configured easily by 
an operator dependent upon the type of tubular member that 
is being coated. 
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1. An apparatus for coating tubular members, such as 
stents, the apparatus comprising: 
a liquid reservoir; 

a stent support member for supporting, in use, a 
tubular member; 

support member dipping means for placing the support 
member in the liquid reservoir in use and drawing the 
support member therefrom; and 

pressure differential generating means for generating 
a pressure differential, wherein: 

the stent support member is arranged to provide a 
central passageway through a stent placed thereon, the 
central passageway having a plurality of perforations 
formed therein, and 

the pressure differential generating means is arranged 
to generate, in use, a pressure differential between the 
passageway and the tubular member. 

2. An apparatus according to claim 1, wherein the support 
member is formed from a rigid hollow member with apertures 
formed therein. 

3. An apparatus according to claim 1, wherein the support 
member is formed from a rigid member having a series of 
slots formed therein. 

4. An apparatus according to claim 3, wherein a sheath is 
placed around the external periphery of the member to 
define a series of apertures. 



35 



5. An apparatus according to any preceding claim, wherein 
the support member is formed from metal, a plastics 
material or a ceramic. 
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6. An apparatus according to any preceding claim, wherein 
the pressure differential generating means is a pump. 

7. An apparatus according to any preceding claim, wherein 
the support member may has two collars and a central rigid 
support member, the collars arranged to engage with each 
end of a tubular member in use. 

8. An apparatus according to any preceding claim, wherein 
the dipping means is arranged to enable inversion of the 
support member once it has been removed from the liquid 
reservoir. 

9 . An apparatus according to any preceding claim, further 
comprising a drying chamber into which a heated gas can be 
pumped to dry the tubular member on the support member 
after removal from the liquid reservoir. 

10. An apparatus according to any preceding claim, wherein 
plural support members are provided in the apparatus. 

11. A method for coating tubular members, such as stents, 
the method comprising the steps of: 

providing liquid in a liquid reservoir; 
supporting a tubular member; 

placing the support member in the liquid reservoir and 

drawing the support member therefrom; and 

generating a pressure differential, wherein: 

the pressure differential is generated between the 

passageway and the tubular member. 

12. The method of claim 11, further comprising the step of 
drying the member in heated gas. 

13. The method of claim 11 or claim 12, further comprising 
the step of inverting the tubular member prior to 
generating the pressure differential. 
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14. The method of claim 11 , 12 or 13, wherein the rate at 
which the support member is drawn and the pressure 
differential is controlled to produce a coating that is 
thinner on the inside surface of the tubular member than it 
is on the outside. 
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